Background: Plasma glutathione peroxidase (eGPx) is an important selenium containing antioxidant in human defense against oxidative stress. While crevicular fluid (GCF) eGPx levels and its association with periodontal disease is well documented, there is no data on correlation of GCF and serum eGPx levels in chronic periodontitis. Hence this study was undertaken to further probe into the role of oxidative stress in periodontal diseases and effect of nonsurgical periodontal therapy (NSPT) by correlating GCF and serum levels of eGPx. Materials and methods: Thirty subjects (16-Males and 14-Females; age: 30-38 years) participated in the study. The subjects were divided, based on gingival index, probing pocket depth and clinical attachment level into: Healthy (group-1, n = 10), Gingivitis (group-2, n = 10) and Periodontitis (group-3, n = 10). Chronic periodontitis patients after NSPT constituted group 4. GCF and serum samples collected from each subject were quantified for eGPx levels using Enzyme linked Immunosorbent Assay. Results: The mean eGPx concentrations increased from health (14.01 ng/µl and 78.26 ng/ml) to gingivitis (22.86 ng/µl and 90.44 ng/ml) and then to periodontitis (29.89 ng/µl and 103.43 ng/ml), in GCF and serum respectively. After NSPT, there was statistically significant reduction in eGPx concentration in GCF and serum (19.41 ng/µl and 85.21 ng/ml). Further, all the GCF eGPx values showed a positive correlation to that of serum eGPx level. Conclusion: Thus, increased eGPx concentration in GCF can be considered as an indicator of local increase in oxidative stress. While, increase in serum eGPx levels indicates that periodontal disease can also lead to increased oxidative stress at the systemic level.
Introduction
Oxidative stress refers to the overproduction of free radicals/oxidants and/or an insufficiency of antioxidant/ radical-detoxifying systems that results in deleterious modification of biological macromolecules. Oxidative stress continues to be linked to an ever-increasing number of dysfunctional states in vivo, of which atherosclerosis, neurodegenerative diseases, cancer, inflammation, and the normal aging process are only a few exam-ples. The deleterious effects of oxidative stress that contribute to disease most frequently manifest as chemical modification of proteins, nucleic acids, and lipids [1] .
Periodontitis is a chronic inflammatory disease caused by oral bacterial infection [2] . When stimulated by bacterial pathogens, host cells (e.g., polymorphonuclear leukocytes) release reactive oxygen species (ROS) as a part of the immune response [3] . Excessive production of ROS in polymorphonuclear leukocytes is one of the pathologic features in the periodontal lesion [4] , and it leads to damage of the periodontal tissue by oxidizing DNA, lipids, and proteins [5] .
Protection against such species is provided by antioxidants (AO's). In healthy organisms, the balance is maintained among oxidants and AO's but under patho-logic conditions, the balance may be tilted towards the oxidative side causing "oxidative stress". Oxidative stress is implicated in numerous human diseases, such as arthritis, adult respiratory distress syndrome, heart disease, stroke and many others including periodontal diseases [5] . But the defense mechanisms against oxidative stress in periodontal diseases have received little attention.
Glutathione peroxidases (GPx) are important selenium containing antioxidants in human defense against oxidative stress. Plasma glutathione peroxidase (eGPx) is unique among the members of GPx family as the only extracellular isoform [6] . It is a glycosylated tetramer of 23-kDa subunits that catalyses the reduction of hydrogen peroxide (H 2 O 2 ) and various hydroperoxidase using glutathione as reducing agent [6] . In humans, eGPx is produced mainly in proximal tubules of the kidney nephrons [7] . The gene expression of eGPx is reported to be upregulated by H 2 O 2 and other ROS [8] . In a recent study it is demonstrated that human airway epithelial cells and alveolar macrophages of smoking individual showed increased expression of eGPx mRNA [9] . The same investigators in a later study found that patients with asthma have higher levels of eGPx mRNA in their airway epithelia than do healthy controls, thus postulating a possible local production of eGPx in lung alveoli [10] . Increased plasma eGPx level has been reported as an indirect indicator of oxidative stress in patients with inflammatory bowel disease [11] . Recently, low levels of GPx activity and elevated levels of myeloperoxidase were shown to be an independent risk factor for cardiovascular events in patients with coronary artery disease and in patients presenting with chest pain [12] . In CKD patients, eGPx activity has always been shown to be reduced by 34-52% as compared with healthy. Several authors have indicated a gradual decrease in the activity with advancing stage of the disease [13] . A progressive decline in eGPx activity is linked with the fact that this enzyme is primarily synthesized in the kidney [7] and as generally believed the progressing damage of this organ is reflected in diminished enzyme activity.
In our recent study, the eGPx levels in gingival crevicular fluid (GCF) in periodontal health, disease and after non surgical periodontal therapy [(NSPT) or scaling and root planing (SRP)] were estimated. We found that eGPx concentration in GCF increases proportionally with the severity of periodontal disease. Further, the treatment aimed at arresting periodontal disease resulted in statistically significant reduction in the levels of GCF eGPx proportionally [14] . However till date no study has correlated the GCF and serum levels of eGPX in periodontal health and disease.
Thus, in view of the aforementioned findings, this clinicobiochemical study was undertaken to further probe into the role of oxidative stress in periodontal diseases by determining the effect of nonsurgical periodontal therapy on crevicular fluid and serum glutathione peroxidase levels in subjects with clinically healthy periodontium, in patients with gingivitis, chronic periodontitis, and after NSPT of periodontitis subjects.
Materials and methods
The study was carried out from February 2008 to June 2008. Thirty subjects who were age-(30-38 years) and sex-(16 males and 14 females) matched, attending the outpatient section, Department of Periodontics, Government Dental College and Research Institute, Bangalore, India, were selected for the study. Written informed consent was obtained from those who agreed to participate voluntarily and the ethical clearance was obtained from the institutions ethical committee and review board. The study was performed in full accordance with ethical principles including the World Medical Association Declaration of Helsinki. Exclusion criteria included: history of smoking, diseases such as chronic obstructive pulmonary disease (COPD), asthma, bronchitis, rheumatoid arthritis, renal disorders, diabetes, tumours and the subjects who have received anti-inflammatory, antibiotics and antioxidants in the previous 6 months. Each subject underwent a full-mouth periodontal probing and charting, along with periapical radiographs using the longcone technique. Radiographic bone loss was recorded dichotomously (presence or absence) to differentiate chronic periodontitis patients from other groups. Further, no delineation was attempted within the chronic periodontitis group based on the extent of alveolar bone loss. Based on the gingival index (GI) [15] , pocket probing depth (PPD), clinical attachment loss (CAL) and radiograph evidence of bone loss subjects were categorized into three groups. Group 1 (healthy) consisted of 10 subjects with clinically healthy periodontium, with GI = 0, with CAL = 0 mm and PPD 3 mm. Group 2 (gingivitis) consisted of 10 subjects who showed clinical signs of gingival inflammation, GI > 1, without any attachment loss, PPD 3 mm. Group 3 (chronic periodontitis) consisted of 10 subjects who had signs of clinical inflammation, GI > 1 and CAL 1 mm in 30% of sites with radiographic evidence of bone loss and PPD 4 mm in 30% of sites. Patients with chronic periodontitis (group 3) were treated with a non-surgical approach, i.e., NSPT and GCF samples collected from the same sites 6-8 weeks after treatment to constitute group 4 (after treatment group).
Site selection and GCF collection
All the clinical and radiological examinations, group allocation and sampling site selection were performed by one examiner (ARP) and the samples were collected on the subsequent day by second examiner (SP). This was done to prevent the contamination of GCF with blood associated with probing of inflamed sites. Only one site per subject was selected as a sampling site. In healthy group, to ensure adequate volume, GCF was pooled from multiple sites with no inflammatory signs. In gingivitis patients, site with highest clinical signs of inflammation i.e., redness, bleeding on probing and oedema in the absence of CAL was selected. In chronic periodontitis patients, sites were identified using a University of North Carolina (UNC)-15 periodontal probe (Hu-Friedy, Inc. Chicago, Illinois (IL), USA) and the site showing highest clinical signs of inflammation and highest CAL along with radiographic confirmation of bone loss was selected for sampling. On the subsequent day, after gently drying the area with a blast of air, supragingival plaque was removed without touching the marginal gingiva. The area was isolated using cotton rolls to prevent the saliva contamination and GCF was collected by placing the microcapillary pipettes at the entrance of the gingival sulcus, gently touching the marginal gingiva. From each test site, a standardized volume of 1 µl was collected using the calibration on white colour-coded 1-5 µl calibrated volumetric microcapillary pipettes (Sigma-Aldrich, St. Louis, MO, USA). Each sample collection was allotted a maximum of 10 min (due to slow rate of GCF production in certain healthy subjects) and some test sites in healthy group, which did not express any volume of GCF within the allotted time, were excluded from the study. Further, micropipettes, which were suspected to be contaminated with blood and saliva, were excluded from the study. The GCF collected was immediately transferred to airtight plastic vial and stored at −70
• C till the time of assay.
Collection of serum
Two millilitre of blood was collected from the antecubital fossa by venipuncture using a 20-gauge needle with 2 ml syringes and immediately transferred to the laboratory. The blood sample was allowed to clot at room temperature and, after one hour, serum was extracted from blood by centrifuging at 3000 g for 5 min. The extracted serum was immediately transferred to a plastic vial and stored at −70
eGPx assay
The concentration of eGPx was determined by enzyme linked immunoassay kit (ELISA) (Plasma glutathione peroxidase Assay Kit, Calbiochem, USA) for the quantitative determination of eGPx in biologic fluids, as instructed by the manufacturer. Appropriately diluted samples were incubated in the wells of a divided microplate that have been coated with a polyclonal antibody specific for human eGPx. The eGPx was detected using a biotinylated polyclonal antibody to eGPx. The assay procedure, based on biotin-streptavidin coupling, used covalently linked streptavidin and alkaline phosphatase to measure the amount of eGPx in each sample by adding the alkaline phosphatase substrate p-nitrophenylphosphate (pNPP). Absorbance of each well was read on ELISA reader (Molecular Dynamics, Sunnyvale, USA) using 405 nm as primary wavelength. The concentration of eGPx in the tested samples was evaluated using the standard curve plotted using the absorbance value obtained for the standards provided with the kit.
Statistical analysis
All data were analyzed using a software program (Systat, version 11, and Sigmastat, Systat software, Point Richmond, CA). Group comparisons for variables were performed by ANOVA. Further, multiple comparisons using the scheff test was carried out to explore which pair or pairs differed. The Correlation between GCF and serum eGPx with clinical periodontal parameters was analyzed using Spearman's rank correlation coefficient. P -value 0.05 was considered to indicate statistical significance. The sample size based on power analysis was estimated as 10 subjects in each group to achieve 80% power to detect a difference of 0.5 between the null hypothesis and the alternative mean.
Results
All the samples, in each group tested positive for the presence of eGPx. The mean eGPx concentrations in GCF and serum were observed to be the highest in group 3 i.e.29.89 ng/µl (29890 ng/ml) and 103.43 ng/ml respectively and lowest in group 1 i.e. 14.01 ng/µl (14010 ng/ml) and 78.26 ng/ml respectively (Table 1) .
To test the hypothesis of equality of means among the groups ANOVA was carried out, which indicated that the means differed significantly (Table 2) .
Further multiple comparisons using scheff test showed that when groups 1 and 2, 1 and 3 and 2 and 3 were compared, both in GCF and serum, the difference were statistically significant (p < 0.05) ( Table 3) .
When group 4 (after treatment group) and group 3 were compared using paired 't' test, the difference in the concentrations of eGPx was statistically significant in both serum and GCF suggesting that after scaling and root planning, eGPx levels decreased considerably both in GCF (from 29.89 ng/µl to 19.41 ng/µl) and proportionally in serum (from 103.43 ng/ml to 85.21 ng/ml) ( Table 4) .
Pearson Correlation Coefficient test showed a positive but non-significant correlation between eGPx concentration in GCF and serum and the clinical parameters in all the groups except in group 4. A significant positive correlation between eGPx concentration in GCF and serum was found in group 3 and 4 ( Table 5 ).
Discussion
eGPx is an important extracellular antioxidant in human defence against oxidative stress, produced mainly in kidney. It is an selenium containing enzyme that detoxifies hydrogen peroxide and various hydroperoxides using glutathione as a reducing agent [6] .
The findings in our previous research were consistent with the results of Wei et al. and it was found that in periodontitis patients, both total amount and concentration of eGPx were higher in GCF as compared to the levels in healthy patients [14, 16] , and the levels of eGPx from the gingivitis sites of periodontitis patients were less that the levels in periodontitis sites but were higher than those of healthy patients. However, Huang et al. [17] found that within periodontitis subjects, glutathione peroxidase levels correlated negatively with pocket depth and attachment loss and increased posttherapy. Till today, there are no studies which have investigated the eGPx concentration in GCF and correlated them to that of serum eGPx concentrations in periodontal health, disease and after treatment of periodontal disease. The present study is thus the first study designed to investigate the concentrations of eGPx in GCF and serum in periodontal health and disease and also to assess the role of periodontal therapy on eGPx concentration.
In the present study the influence of age and gender of the subjects on the eGPx concentration was minimised/ nullified by selecting the subjects within the narrow age group of 30-38 years and including the equal number of males and female in each group. Further, this study comprised of four groups (healthy, gingivitis, chronic periodontitis and chronic periodontitis after treatment) as compared to the previous study by Wei et al. [16] where in the effect of treatment on eGPx levels was not evaluated. Also, in their study the gingivitis and periodontitis sites were selected from the same group of chronic periodontitis patients where as we included different patients in all the groups. Having four groups in our study helped us better to evaluate the role of eGPx in different stages of periodontal and the effect of periodontal therapy on eGPx concentrations.
In the present study, the use of commercially available, sensitive ELISA kit to quatify eGPx from selected sites allowed us to avoid pooling of GCF samples from multiple sites or subjects. Also, GCF was collected using microcapillary pipettes to avoid non-specific attachment of the analyte to filter paper fibers ensuing in false reduction in the detectable eGPx levels that in turn can underestimate the correlation of eGPx levels to disease severity/ progression.
The results of the present study indicated that concentration of eGPx in GCF increased progressively from healthy (14.01 ng/µl i.e. 14010 ng/ml) to periodontitis sites (29.89 ng/µl i.e. 29890 ng/ml), while in gingivitis the mean concentration of eGPx (22.87 ng/µl i.e. 22890 ng/ml) fell between the above two groups. The results of our study was in accordance to Wei et al. [16] who also reported a similar increase in the concentration of eGPx from health to disease.
The findings seem to confirm several findings in the medical literature about oxidant-antioxidant balance. Mates et al. [8] reported that there was upregulation of eGPx gene expression by H2O2 and other ROS. Similarly Comhair et al. [9] showed that human airway epithelial cells and alveolar macrophages of smoking individuals showed increased expressions of eGPx mR-NA. In the present study increased eGPx level in GCF from inflamed gingiva may indicate the increase ROS generation at the diseased site. This increase in ROS generation may have led to the occurrence of oxidative stress, which in turn caused an increased need of eGPx production to establish the ROS-AO balance to protect the tissues.
Further in our study, the mean eGPx levels in serum were observed to be the highest in chronic periodontitis group (103.44 ng/ml) and lowest for the healthy group (78.26 ng/ml) with gingivitis group showing intermediate values (90.45 ng/ml). Thus the mean concentration of eGPx increased progressively from health to gingivitis and periodontitis both in GCF and proportionally in serum.
Increased plasma eGPx has been reported as an indirect marker of oxidative stress in patients with in-flammatory bowel disease [11] . Similarly, increase in GCF and serum eGPx can be considered as a marker of oxidative stress caused by periodontal infection. Oxidative stress has been implicated in the development of atherosclerosis and vascular tissue injury. Both platelet activation and lipid peroxidation are known to play major role in ischemic heart disease [18] .
The chronic periodontitis subjects were treated by non-surgical periodontal therapy and strict oral hygiene measures were instituted. The mean concentration of eGPx in GCF and serum in chronic periodontitis group reduced from 29.89 ng/µl (29890 ng/ml)and 103.44 ng/ml to an after treatment level of 19.42 ng/µl (19420 ng/ml) and 85.22 ng/ml respectively, which were statistically significant.
Data from GCF support the conclusion that local antioxidant scavenging defenses are compromised in periodontitis, but whether this represents a predisposition to disease or results from the inflammatory lesion, requires longitudinal studies of periodontal therapy to be performed [5] .
The significant increase in serum eGPx concentration with the progressing periodontal disease can be possibly because of spillover from the diseased periodontal tissues or could be because of increased production of eGPx by kidney proximal tubules in response to systemic oxidative stress caused by periodontal disease. This highlights the possible systemic oxidative stress caused by periodontal disease, which could be a missing link between the periodontal and systemic health. This finding further signifies the need of controlling the periodontal inflammation to reduce the systemic oxidative stress.
Further, when the concentration of eGPx in GCF was compared to that of serum, the concentration of eGPx in GCF was significantly higher that corresponding serum concentration in all the groups. It seems logical that serum will provide the basic antioxidant profile of crevicular fluid, as there is constant flow of fluid from the blood into the gingival crevice [19] . However, the finding that the concentrations of eGPx in GCF are significantly greater than those in paired samples of serum suggests a possible local eGPx synthesis and/or storage within the periodontium. The likelihood of local production by the recruiting inflammatory cells cannot be overlooked.
The eGPx present in serum of chronic periodontitis patients as a result of local oxidative stress may also in turn offer a certain degree of protection against systemic oxidative stress. Considering this role we can consider evaluating its therapeutic application in future studies regarding the use of antioxidants and antioxidant enzymes not only in the management of chronic periodontitis but also for systemic diseases as well.
Thus our study shows that eGPx concentration in GCF and serum increases proportionally with the progression of periodontal disease. Further, the treatment aimed at arresting periodontal disease progression resulted in statistically significant reduction in the levels of eGPx both in serum and GCF proportionally. Overall, the results point towards the role of oxidative stress in the periodontal diseases, and pave the way for future exploration of the role of antioxidants in the management of periodontal diseases.
Because the results of ELISA only gave us information about the concentration of eGPx, the enzymatic activity was unknown. Further investigations are needed to determine the enzymatic activities of eGPx and elucidate the interrelationship between them and periodontal diseases.
Conclusion
In conclusion, within the limitations of the present study, it can be postulated that with increase in the amount of periodontal destruction there is substantial increase in the concentration of eGPx both in GCF and serum. Also, treatment of periodontal disease leads to a proportional reduction in GCF and serum levels of eGPx.
Thus, eGPx can be regarded as a marker of oxidative stress in periodontal diseases. Furthermore, the finding that the concentrations of eGPx in GCF are significantly greater than those in paired samples of serum suggests a possible local eGPx synthesis and/or storage within the periodontium. The likelihood of local production by the recruiting inflammatory cells cannot be overlooked.
However further longitudinal studies with larger sample size and long term follow-up are needed to validate eGPx as marker of oxidative stress as well as its possible therapeutic applications in periodontal health and disease.
